When an electron beam impringes on a semiconductor material, t h i s gives r i s e t o the creation of an excess of minority c a r r i e r s , f o r example in N-type semiconductor q electron charge, Eo beam energy, I B beam intensity, R electron range, Ep holeelectron pair energy creation, kn correction f a c t o r f o r backscattered electrons, ~p hole 1 ifetime.
In low injection conditions (an << n electron concentration), theoretical modelization of the penetration of electrons, generation of minority c a r r i e r s and the collection of the c a r r i e r s giving r i s e t o the Electron Beam Induced Current (E.B.I.C.) by a junction perpendicular t o the surface or parallel t o the surface have been well supported in the past ten years ( 1 ) ( 2 ) ( 3 ) and more recently f o r the transient analysis (4) ( 5 ) . The continuous E.B. I.C. measurement permits t o d i r e c t l y achieve the value of the diffusion length of the minority c a r r i e r s which represents the average value reached by the excess of created minority c a r r i e r s before t o be recombined and corresponds t o a global value on the volume covered by the scanned area. The same measurement can also give the surface recombination velocity ( 6 ) .
Transient E.B.I.C. can give using the slope of the curve measured in logarithmic scale, the minority c a r r i e r lifetime, a f t e r a correction f a c t o r which takes i n t o account of the surface recombination and the distance-spot junction. (The beam i s fixed in t h i s expbriment). The lifetime value corresponds t o a more punctual volume which takes into account of the presence of punctual defects which a c t a s traps f o r the c a r r i e r s . Following SHOCHLEYSIALL-READ(^) the 1 ifetime can be expressed a s :
T P = ( a p N t vth)-1 o capture cross section of t r a p s , N t number of t r a p s , vth thermal velocity of ePectrons.
Diffusion length and lifetime are related by Lp2 = Dp T~ (LIP diffusion const a n t of holes) . The presence o f e l e c t r i c a l l y a c t i v e d e f e c t s ( p o i n t -l i n e o r line-shape9 d e f e c t s ) can be i n t e r p r e t e d as a p e r t
u r b a t i o n w i t h a l i f e t i m e equal t o T D = (ND OD v t h 1 -l where ND i s t h e d e n s i t y o f recombination c e n t r e s i n s i d e t h e d e f e c t and T D t x e d e f e c t c a p t u r e c r o s s -s e c t i o n . The measured l i f e t i m e i s i n t h i s case a combination o f two l i f e t i m e s so T -~ = T~-'
TD-'.
I n i n d i r e c t bandgap semiconductors l i k e s i l i c o n and germanium t h e d i f f u s i o n l e n g t h value can reach s e v e r a l tens o r hundreds o f microns and i n t h a t case t h e e l e ct r o n p e n e t r a t i o n volume can be approximate by a sphere o r a p o i n t -s o u r c e . The l i m it a t i o n s and accuracy on t h e d e t e r m i n a t i o n o f t h e parameters l i f e t i m e and d i f f u s i o n l e n g t h a r e a c t u a l l y c l e a r l y d e f i n e d t a k i n g i n t o account o f t h e value o f t h e s u r f a c e recombination ( 8 ) .
M i n o r i t y c a r r i e r l i f e t i m e measurement by EBIC monitored by a microprocessor
For a range o f l i f e t i m e v a r i p i n g from 100 nsec t o several ysec a system where a microprocessor p i l o t s t h e o b t a i n i n g o f t h e t r a n s i e n t decay o f t h e EBIC f o r a beam f i x e d a t a c e r t a i n d i s t a n c e f r o m t h e j u n c t i o n and g i v e s t h e data processing has been e s p e c i a l l y designed f o r t h i s purpose ( 9 ) . 
o f t h e power a m p l i f i e r which t r a n s m i t s t h e v o l t a g e t o t h e p l a t e s .
I n o u r system t h e r i s e t i m e i s about 50 nsec, lower than t h e range o f l i f e t i m e measured. The a m p l i f i c a t
i o n o f t h e s i g n a l i s made by a wideband a m p l i f i e r and t h e beam c u r r e n t i s a d j u s t e d t o reach 5 v o l t s peak t o peak f o r t h e o u t p u t o f t h e amp1 i f i e r ( u s u a l l y i n l o w i n j e c t i o n c o n d i t i o n ) . A sampler-holder g i v e s t h e decay curve a s f u n c t i o n o f t i m e p o i n t by p o i n t u s i n g a sampling i n t e r v a l o f 50 nsec d u r i n g a time o f 5 ysec. Data a c q u i s i t i o n and averaging (up t o 16 t i m e s ) i s made by a m i c r oprocessor which can p l o t t h e decay c u r v e on a screen o r on a X-Y p l o t t e r o r p r i n t t h e numerical data. Examples o f use o f t h e system on s i l i c o n and germanium dea ) $ j l j c " -s o l~-c g~1~ ( p o l y c r i s t a l l i n e N-type l a r g e g r a i n s )
The continuous EBIC measurement g i v e s a d i f f u s i o n l e n g t h v a l u e o f about 24 pm and a s u r f a c e recombination v e l o c i t y on t h e s e c t i o n s o f l o 4 cm/s. The values o b t a i n e d a t d i f f e r e n t d i s t a n c e s p o t -j u n c t i o n a r e r e p o r t e d i n t h e Table I g i v i n g t h e l i f e t i m e ~p and t h e c a l c u l a t e d corresponding Lp value ( w i t h Dp = 12.5 cm" -' i n good agreament w i t h t h e measured value i n continuous mode. 
TABLE 1 Distance (ym) s p o t -j u n c t i on The d i f f e r e n t values c o n f i r m t h e good homogeneity o f t h e doping i n t h e p o l y c r i s t a l -

pm depending on t h e p o s i t i o n t h e beam a l o n g t h e j u n c t i o n plane and a very h i g h s u r f a c e recombination v e l o c i t y .
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EBIC t r a n s i e n t measurements taken a t d i f f e r e n t d i s t a n c e s s p o t -j u n c t i o n g i v e u s i n g a s e l f c o n s i s t a n t approach t a k i n q i n t o account o f t h e i m p o r t a n t o f t h e c o rr e c t i o n f a c t o r g i v e s l i f e t i m e values of 0.45 psec which does n o t shows g r e a t v a r i at i o n s w i t h t h e p o s i t i o n o f t h e spot. The e q u i v a l e n t d i f f u s i o n l e n g t h i s about 40 Mm ( w i t h Dn = 36 cm2/S). The l o w doping o f t h e m a t e r i a l does n o t i n d i c a t e a v a r i a t i o n o f t h e d i f f u s i o n c o n s t a n t b u t t h e g r e a t discrepancy o f t h e d i f f u s i o n l e n g t h values can o n l y be e x p l a i n e d by t h e presence o f t h e columnar s t r u c t u r e o f t h e grains which can l i m i t t h e c o l l e c t i o n of c a r r i e r s i n t h e case o f t h e continuous EBIC measurement as shown i n F i g . 2.
C o l l e c t i o n p l a n e Scanned 1 i n e Nevertheless when t h e beam i s f i x e d , i n t h e t r a n s i e n t case, t h e c o l l e c t i o n o f c a rr i e r s can be made b y a p a t h i n t h e columnar s t r u c t u r e and t h e s t r u c t u r e has p r a c t ic a l l y no i n f l u e n c e on t h e EBIC decay. As p r e v i o u s l y shown i n o t h e r m a t e r i a l s , l i k e GaAs, t h e d i f f u s i o n l e n g t h o f t h e m i n o r i t y c a r r i e r s can be l i m i t e d t o t h e average spacing o f t h e d i s l o c a t i o n s (10).
The measurements show g r e a t v a r i a t i o n s o f t h e l i f e t i m e f o r measurements made a t 100 pm f r o m t h e j u n c t i o n (see t a b l e 11) Table I 1 : L i f e t i m e measurements i n s i l i c o n power mesa t r a n s i s t o r .
Continuous EBIC measurements g i v e d i f f u s i o n l e n g t h values v a r y i n g from 34 pm t o 60 pm. I n t h a t c a s e t h e ampfitude o f v a r i a t i o n s f o r Lp i s g r e a t e r f o r t h e EBIC t r a n s i e n t which g i v e s a more punctual e s t i m a t i o n s o f t h e c a r r i e r s recombination. Conclusion : EBIC t r a n s i e n t measurement a r e v e r y i m p o r t a n t t o t e s t and e v e n t u a l l y t o map t h e e l e c t r o n i c q u a l i t y of t h e semiconductor m a t e r i a l . The use o f a m i c r oprocessor has p e r m i t t o o b t a i n t h i s r e s u l t s i n a more f l e x i b l e way i n t h e case o f s i l i c o n and germanium devices. 
